Background: Profiling the immune responses in patients with cancer is expected to facilitate the design of diagnostic tests and therapeutic vaccines. Such studies usually require the parental antigens. We attempted to profile the immune responses in patients with breast cancer using a peptide phage display selection strategy, which identifies antibody specificities whether or not the antigens are known. Materials and Methods: A panel of random peptide phage libraries was panned on serum IgG antibodies from breast cancer patients with stage IV, seeking for disease specific IgG epitopes. ELISA, immunoscreening, and Western blotting techniques were the main approaches used. Results: Phage-displayed peptides were specifically enriched for binding to IgG antibodies from patients with breast cancer. Several peptides have been identified, in particular the SQRIPARIHHFPTSI peptide, which was recognized by IgG antibodies from breast
Introduction
Several human diseases, including cancer, autoimmune diseases, and infectious diseases, are concerned with the immune responses against self and nonself proteins (1, 2) . Therefore, defining the specificities of B and T cells in these diseases should facilitate the design of diagnostic tests and vaccines. Unfortunately, the analysis of B-and T-cell epitopes requires structural information about the parental antigens, which is a major limitation if the antigens are not known.
In recent years, peptide phage display libraries have been developed and proved useful tools for the identification of monoclonal antibody specifities, whether or not the parental antigens are known (3) (4) (5) . This strategy is based on the ability of filamentous bacteriophage to display foreign peptides on their surfaces (6) . In contrast to many other molecular methods, the phage display selection strategy relies on the physical link between the displayed peptides (phenotype) and the DNA encoding them (genotype). Thus, minigenes encoding for the peptide epitopes with a specific binding affinity can be enriched and selected rapidly. Furthermore, the strategy allows the antibodies to select their own ideal binding peptides. Primarily, we have been interested in investigating the possibility of selecting peptide ligands for antibodies present in patient sera. The rationale is that antibodies from patient sera will bind to the phage containing the peptide epitope initiating the immune response against self or nonself proteins (e.g., virus proteins or tumors). Using phage display approaches, we recently demonstrated that specific humoral immune responses in patients with autoimmune diseases can be traced by the peptide phage display library (7) (8) (9) . Other groups have also demonstrated the use of the peptide phage display libraries for probing the immune responses in individuals immunized with hepatitis C virus antigens (10, 11) . Despite this success, the technology has not yet been applied to patients with cancer. Notably, it has been difficult to identify immunogenic antigens capable of inducing immune responses in patients to a threshold required for tumor rejection. In this study, we have investigated whether peptide phage display libraries can trace antigen-specific immune responses in patients with breast cancer, with the emphasis on selecting disease specific IgG epitopes.
Materials and Methods

Sera
Serum samples from patients with breast cancer with stage-VI lymphoma, prostate cancer, and volunteer blood donors were obtained from Ullevål University Hospital. Sera from patients with osteosarcoma were obtained from The Norwegian Radium Hospital. All sera were aliquoted and stored at Ϫ70ЊC until use. Pooled IgG antibodies from patients and controls were affinity purified using protein G columns according to the manufacturer's instructions (Pharmacia).
Affinity Selection
The peptide phage libraries were biopanned on patient IgG antibodies as described by Dybwad et al. (7) . In brief, 10 11 transduction units from an amplified 15-mer library expressed on pVIII (4) were incubated overnight at 4ЊC with patient IgG, preincubated with the fd phage. After incubation, biotinconjugated anti-human IgG, preincubated with the fd phage, was added to the mixture and incubation was continued for 3 hr at room temperature. Following incubation, streptavidin-coated magnetic beads were added to the mixture and incubation was continued for 30 min. Antibody/phage-binding beads were attracted to a magnet, while unbound phages were removed. Beads were washed 10 times with PBS/0.2% Tween over a period of 1 hr and streptavidin-binding phages were acid eluted and neutralized by Tris Base. The eluted phages were amplified in E. coli K91 cells and then used for further rounds of selection. The enrichment of specific phage-displayed peptides was monitored by immunoscreening. In the case of the 7-and 12-mer pIII peptide libraries, the eluted phages were amplified in ER 2537 E. coli cells as described by the manufacturer (New England Biolabs).
Immunoscreening
Serum IgG antibody-binding phages were identified using an immunoscreening technique (12, 13) . In brief, E. coli K91 cells were infected with the selected phages. Various dilutions of the infected bacteria were plated on NZY agar plates containing tetracycline (50 g/mL) and IPTG (1 mM) and incubated overnight at 37ЊC. Following transfer to the nitrocellulose membranes, the membranes were washed twice with TNT buffer (10 mM Tris HCl, 150 mM NaCl, 0.05% Tween 20) for a total of 30 min and then blocked for 30 min with 20% FCS in TNT buffer. After blocking, membranes were incubated with 8 g/mL pooled IgG in FCS/TNT for 2 hr and then washed once with TNT buffer with 0.1% BSA and 0.1% NP-40 for 10 min and then twice with TNT buffer with 0.1% BSA (10 min each). Alkaline phosphatase-conjugated anti-human IgG (1/5000) was added to the membranes and incubated for 2 hr. After washing with TNT buffer, the immunoreactive phage clones were detected by BCIP/NBT premixed substrate (Sigma). In the 7-and the 12-mer peptide libraries, random clones from the fourth round of selection were picked up and characterized.
Phage Preparation and Sequencing
Phages from liquid culture were obtained by polyethylene glycol 6000/NaCl precipitation as described elsewhere (7) . The phages were resuspended in PBS buffer, filtered through 0.45 mm filter and then stored at 4ЊC until use. For DNA sequencing, phage DNA was prepared and the DNA inserts encoding for the peptides were sequenced by the dideoxy chain termination method. The sequencing reaction was carried out using the Sequenase version II Kit (Amersham).
Enzyme-Linked Immunosorbent Assay (ELISA)
ELISA experiments were performed as described previously (7) . In brief, 96-well microtitre plates were coated overnight at 4ЊC with the purified phages (10 7 /well). After blocking with 0.5% BSA in PBS buffer for 1 hr at room temperature and subsequent washing, the plates were incubated with sera samples (1/100 dilution in PBS/0.2% BSA/0.2% Tween 20) for 1 hr at 37ЊC. After additional washing, plates were incubated with alkaline phosphataseconjugated anti-human IgG (1/5000) for 1 hr at 37ЊC. The immune complexes were detected by adding p-nitrophenyl phosphate as substrate. The reactivity of each serum to the phage displaying the SQRI-PARIHHFPTSI peptide was obtained by subtracting its reactivity to a phage displaying a random peptide (YLRNVSRVLIQSSSN). A result was considered as positive when the serum reactivity was equal to or greater than 3.5-fold of the mean reactivity of normal individuals.
Competition Experiments
Various concentration of the phage displaying the SQRIPARIHHFPTSI peptide or the wild-type phage was incubated with each patient serum diluted 1/500 in PBS/0.2% BSA/0.2% Tween 20. After incubation overnight at 4ЊC, the mixtures were added to the 96-well microtiter plates coated with the phage displaying SQRIPARIHHFPTSI peptide (10 6 TU/well ). In the experiments with the synthetic peptides, increasing concentrations of the synthetic peptide or a control peptide were incubated with each patient serum (diluted 1/500), incubated overnight at 4ЊC and then added to the 96-well microtiter plates coated with the phage displaying the SQRIPARIHHFPTSI peptide (10 6 TU/well). The results are expressed as percentage of the serum binding to the phage without competitor. Competitive ELISA experiments with the other phage-displayed peptides were performed as previously described.
Statistics
Differences between patients and controls were tested for significance with an unpaired t-test.
Results
Affinity Enrichment of Breast Cancer Patient IgG Antibody-Binding Phages
The ability to probe specific immune responses in patient sera with peptide phage display libraries (7-9) prompted us to evaluate this novel technology in patients with cancer. In these experiments, a pooled IgG fraction derived from seven breast cancer patients with stage IV was epitope-mapped by a panel of random peptide phage libraries as described in Materials and Methods. After six rounds of affinity enrichment, the immuno reactivity of the selected phages was investigated by an immunoscreening technique. This method allows a direct identification of IgG-binding phages after a transfer to nitrocellulose membrane filters. To test for specificity, pooled IgG fractions from patients with lymphoma (n ϭ 6), osteosarcoma (n ϭ 8), and normals (n ϭ 7) were also tested ( Figure 1A ). A strong reactivity was found with pooled IgG antibodies from breast cancer patients (b), but no significant reactivity was found with IgG antibodies from normals (n), patients with lymphoma (l), or those with osteosarcoma (o). Notably, positive clones are clearly distinguishable from negative clones (b, ar-
Western Blotting
Aliquots of 40 g cell proteins were subjected to electrophoresis in SDS 10% polyacrylamide gels, followed by protein electrotransfer to nitrocellulose membranes and immunoblotting with patient and normal sera at a dilution of 1/1000. Antibody binding was detected through the application of HRPconjugated anti-human IgG antibodies. Immunoreactive bands were visualized with ECL detection reagents (Amersham).
Cytosolic, Nuclear, and Membrane Protein Preparation
PMI cells (ATCC) were washed twice with PBS and then resuspended in buffer A (5 mM Tris HCl pH 8.8, 0.5 mM EDTA and 75 mM sucrose with proteinase inhibitors) and then sonicated 6 times (20 seconds each). After sonication, the nuclei were pelleted by centrifugation at 2000 rpm for 5 min and then the supernatant was centrifuged at 30,000 rpm for 30 min. The supernatant from this step was saved as the cytosol fraction. The pellet, which contains the membrane fraction, was washed 4 times with PBS, resuspended in buffer A containing 1% Triton X-100, and incubated on ice for 10 min. After incubation, the sample was centrifuged at 15,000 rpm for 10 min, and the supernatant was saved as the membrane fraction. The nuclei pellet was resuspended in 10% NP-40 and then sonicated. Protein concentration was determined using the protein assay kit (BioRad Laboratories, Hercules, CA).
Fig. 1. Immunoreactivity of the selected phages with patients and controls. (A)
Reactivity of breast cancer patient sera and controls to random phages derived from the 6th round of selection. Following transfer to nitrocellulose and blocking, the membranes were incubated with (8 g/mL) pooled IgG fraction from breast cancer patients (b), lymphoma (l), osteosarcoma (o), or normal (n). The use of alkaline phosphatase conjugated anti-human IgG antibodies as described in Materials and Methods detected the immunoreactive phage clones. (B) Reactivity of phage particles with individual serum as detected by immunospot assays. In these experiments purified phage particles (10 6 TU/spot) were spotted onto nitrocellulose, blocked and then processed as in A. Each serum was used at 1/500 dilution. F1 and F8 are patients with breast cancer. N7 and N9 are normal individuals. rowheads), confirming the specificity of the immunoreaction.
To identify the most relevant peptides, phage particles from 63 random positive phage clones were purified and their immunoreactivity to 40 individual serum samples was tested by immunospot assays. A representative example is shown in Figure 1B . A high proportion of breast cancer patients showed strong reactivity to at least one of the selected phages. In our experimental conditions, none of the positive phages reacted with normal serum samples (n ϭ 40) or sera from patients with osteosarcoma (n ϭ 10). In immunospot assay, some of the selected phage-displayed peptides reacted with at least 15% of patients with breast cancer.
Structural Characteristic of Peptides Displayed By the IgG Antibody-Selected Phages
To determine the structural characteristic of the peptides displayed by the positive phages from three independent experiments using 15-, 12-, and 7-mer peptide phage display libraries, the DNA sequences encoding for the peptides were determined ( Table 1 ). The sequences were arranged into two groups. The peptides in group A showed different consensus core motifs (bolded amino acids). Group B consisted of peptide with no obvious homology. The phage-displayed peptides which showed reactivity with at least 15% of breast cancer patients in immunospot assay were found to belong mainly to group A (e.g., SQRIPARIHHFPTSI, TVET-PQTAKTAYYAT, SDEQSYSTTRSYYGQ, GSVTQRL). Notably, the SQRIPARIHHFPTSI peptide was selected 46 times.
Humoral Immune Response of Patients and Controls to the SQRIPARIHHFPTSI Peptide
Although most of the selected B-cell epitopes need further characterization, we have focused on the phage displaying the SQRIPARIHHFPTSI peptide sequence as its reactivity with patient IgG antibodies was the strongest in comparison with the reactivity obtained with other selected phage-displayed peptides. Sera from patients with breast cancer with stage IV (n ϭ 16) and normal adults (n ϭ 35) were tested by ELISA. The relative reactivity of each patient serum to the phage-displayed SQRIPARIHHF-PTSI peptide was obtained by substracting its absorbency to a phage displaying a random peptide (Figure 2A ). There were significantly increased peptide IgG antibodies in patients (mean ϭ 0.507 OD units) compared to normals (mean ϭ 0.156 OD units) (p Ͻ 0.0004). Seven out of the 16 patients had antibody levels at least 3.5-fold greater than the mean of the normals. Under our ELISA conditions no significant reactivity was obtained with sera from osteosarcoma (n ϭ 14) and lymphoma patients (n ϭ 10) (data not shown).
To further confirm that the binding seen in ELISA is the result of the interaction of the serum IgG antibodies with the peptide displayed by the phage, we performed competition assays. Representative examples are shown in Figure 2 Band C. In competitive ELISA, the binding of the serum IgG was inhibited by the phage itself, whereas no significant effect was obtained with a phage displaying an irrelevant peptide ( Figure 2B ). The binding of the phage displaying the SQRIPARIHHFPTSI peptide to the patient sera was also inhibited with a synthetic peptide corresponding to the peptide displayed by the phage, but not with an irrelevant peptide (Figure 2 C) , thus confirming the specificity of the IgG binding.
Antibodies to a 66 kDa Cellular Protein in Patients Who Strongly Reacted with the SQRIPARIHHFPTSI Peptide
The overall evidence presented above suggests that in some patients with breast cancer, specific humoral immune response against tumor cells has been activated. As the first step toward the identification of cellular antigens, protein extracts from a breast cancer cell line (PMI) was prepared, separated by SDS PAGE, transferred to nitrocellulose membranes, and then incubated with patient sera which strongly reacted with the SQRIPARIHHFPTSI peptide. These patients also reacted with most of the peptides in group A as tested by the immunospot assay. Interestingly, a band with an apparent molecular mass of 66 kDa was strongly recognized by IgG antibodies from only the patients who reacted strongly with the peptide (Fig. 3A, lanes 1-3) . No significant reactivity was obtained with IgG serum antibodies from patients who did not react with the peptide ( Figure 3B , lanes 1-3), from normals ( Figure 3C, lanes 1-3 ) , from patients with prostate cancer ( Figure 3D , lanes 1-5), and from patients with osteosarcoma ( Figure 3E , lanes 1 and 2). The 66 kDa protein was found to be also expressed by peripheral blood mononuclear cells ( Figure 3F , lane 1) and by other cancer cell lines such as the breast cancer cell lines MCF-7 and T47D, and the prostate cancer cell line DU145 (data not shown). Thus, it is more likely to be an autoantigen.
Clinical Significance of the IgG Antibodies to the 66 kDa Protein
To evaluate the role of the described IgG antibodies against the selected SQRIPARIHHFPTSI peptide and the 66 kDa protein in disease duration, we have analyzed the patients' clinical data. It is important to note that the clinical data of the patients were obtained after the experimental component of this study was completed. Thus, the present study should be considered as a blind investigation. Surprisingly, all patients with stage IV who did not respond to the phage-displayed peptides (n ϭ 10), in particular the SQRIPARIHHFPTSI peptide, and to the 66 kDa protein were deceased. The mean survival time of these patients from the first recurrence until the death was 784 days. Three out of six patients with the strongest reactivity are still alive, with a mean survival time from the first recurrence until now of 2553 days. The mean survival time of the three deceased responders was 1050 days. There is a difference in survival time between deceased responders and nonresponders (p Ͻ 0.02). Following this clinical observation, a second serum sample from a long-time survival patient with 14 years' duration of disease was obtained, and its reactivity was investigated. Western blot analysis of the patient's serum at a dilution of 1:1000 showed positive reaction with the 66 kDa protein at both occasions (Figure 4, lanes F and S) . The antibodies are detectable even at dilution 1/5000, suggesting that a very high concentration of high-affinity antibodies were produced in this patient. This patient has responded to most of the selected phage-displayed peptides ( Figure 1B, patient F1 ). This obervation would indicate that the immune response in this patient is more likely to be directed against different antigens. This is further supported by the fact that phage-displayed peptides with different consensus sequences ( To determine the cellular localization of the protein, cellular fractions containing the cytosolic, membrane and nuclear proteins were prepared from PMI cells and then analyzed by Western blotting. The 66 kDa protein was found to be associated with the cytosolic fraction (Figure 4, lane C) .
Discussion
The current study shows that peptide phage display libraries can be used to trace specific immune responses in patients with breast cancer whether or not the parental antigens are known. Indeed, IgG antibodies to the selected peptides were found in patients with breast cancer and not in patients with lymphoma, osteosarcoma or normal individuals ( Figure 1, A and B) . Therefore, the selected peptides should constitute a valuable source for the development of serological markers. Three patients with high titer IgG antibodies against the SQRIPARIH-HFPTSI peptide are still alive despite the stage IV of the disease, indicating that high-titer antibody responses in some patients is indeed translated into an improved outcome.
As shown in Table 1 , a variety of peptide core motifs have been selected. Most important, similar, if not identical, peptide sequences were selected from three phage libraries displaying peptides of different lengths. The selection of such core motifs from different libraries is consistent with the presence of specific immune response in the pooled IgG fraction from patients with breast cancer (14) . Indeed, the presence of specific IgG antibodies against, for example, the SQRIPARIHHFPTSI peptide, was consistent with the competition phage ELISA (Figure 2 , B and C). Most of the other phagedisplayed peptides in group A also reacted specifically with serum from individual patients. In this respect, 32% and 27% of breast cancer patients reacted with the phage displaying the TVETPQTAKTAYYAT or NHEPSVTQVILDRPY, respectively. In contrast, no significant reactivity was found with normal sera. Thus, phage display-based approaches will undoubtedly be important for probing immune responses in patients with cancer.
The portion of an antigen molecule that is specifically recognized by an antibody combining site (paratope) is generally referred to as an antigenic determinant (epitope). Protein epitopes have been divided into two major categories (15) . Conformational epitopes involve residues widely spaced in the primary sequence but brought into spatial proximity by protein folding. These epitopes are absent in denatured proteins. Continuous epitopes consist of residues adjacent in the primary sequences, and are therefore detectable in denatured protein.
The immunizing epitopes may not represent the optimal binding motif for the antibodies. Indeed, high affinity mimotopes with no apparent homology to the immunogen have been described (4). The phage display strategy allows the antibodies to select their own ideal peptides. Therefore, some of the selected peptides may not be homologous in sequence to the parental immunogens, yet they perfectly mimic the immunogen structures. These mimic peptides (mimotopes) are extremely useful as diagnostic and prognostic tools as well as a novel form of vaccine (16, 17) , especially when protective immunity can not be obtained with the parental antigens. In addition, linear epitopes could be valuable leads for the identification of the parental immunogens (9) . In this respect, homology search with the SQRIPARIH Fig. 4 . Western blot analysis using a patient serum obtained at the second occasion and cellular localization of the 66 kDa protein. Protein extracts were separated by 10% polyacrylamide gel electrophoresis, transferred to nitrocellulose and then incubated with patient serum obtained at the first (f) and the second (s) occasion. Both sera were used at a dilution of 1/1000. To determine the cellular localization of the 66 kDa protein, subcellular fractionations were prepared as described in Materials and Methods and analyzed by Western blotting. N, nuclear proteins; c, cytosolic proteins; and m, membrane proteins. mune system (23) . Humoral and cellular responses against intracellular proteins such as p53 and Ras have been described in patients with cancer (20) . Whatever the mechanism that initiated the immune response, the anti-66 kDa antibodies do not seem to cause other clinical features. This observation, together with the expression of the protein in PBMC cells, suggest that the described antibodies are not pathogenic. From an immunological standpoint, both B-and T-cell responses may help to produce antitumor response in the long-time survival patients. In addition to being markers for screening, antibodies also have the potential to control tumor growth by antibody-dependent cell mediated cytotoxicity. Notably, the anti-66 kDa antibodies are IgG which predicts the coexistence of helper T-cell (24) .
Regarding vaccines, intracellular and membranebound proteins have been used (25) . In the case of intracellular antigens, T-cell response against tumors has been elicited by immunization with Ras peptides in animal models for cancers (26) . In addition, immunization with MHC class I restricted Ras peptides generated specific T-cell response in patients with pancreatic cancer (27) . Notably, tumor-infiltrating lymphocytes have been found in many tumors. These cells can be primed by intracellular proteins released during tumor necrosis. After specific B-and T-cell activation, however, it remains to be determined whether the immune response spreads to other peptide epitopes on the same protein and to different epitopes on different tumor proteins. In principle, this concept of determinant spreading (22) should enhance the eradication of tumors. Many factors, including the nature of the initial antigen and perhaps the extent of the "danger" (28) may control the activation of this process. The immune response in the responders who are still alive, in particular patient f1, seems to be directed against more than one antigen. Therefore, the identification of immunogenic antigens that can initiate the determinant spreading process should facilitate the design of therapeutic cancer vaccines.
Some studies have evaluated the immunity in breast cancer patients to defined antigens (29) (30) (31) (32) (33) (34) (35) (36) . However, none of the described antigens appears to be the 66 kDa protein. Notably, antibodies to purified human heat shock protein hsp 90 have been detected by ELISA in 37% of patients with breast cancer (29, 30) . The presence of these antibodies was found to correlate with patient survival and metastatic occurrence (30, 31) . Between 10% and 25% of patients with breast cancer have been found to have antibodies against the p53 protein (32). However, their clinical significance was not established (33) . Antibodies to epithelial mucin have also been detected in patients with breast cancer and found to protect against disease progression (34) . High-titer antibodies against Her-2/neu protein were detected in patients with early-stage breast cancer (35) and antibodies to a 128 kDa synaptic protein were found HFPTSI peptide core motif (SQRIP) indicated that it is present in human CMV coat protein, suggesting a possible molecular mimicry with human protein(s). CMV infection has been implicated in breast cancer (18) . However, two patients who responded to the peptide were found to be CMV negative. Thus, the immune response to the SQRIP core motif peptide is not CMV-related, at least not in these patients. It is worth noting that the phage display strategy identifies both linear and conformational epitopes. Therefore, sequences identified by homology search should be considered only as leads that need further investigation. Furthermore, the induction of the immune response against the selected peptides is likely to be unrelated to chemotherapy as evidenced by one of the responders, who is still alive but did not receive chemotherapy.
Spontaneous regressions of human tumors have been reported in some types of cancer, including breast cancer (19) . This process is more likely to be the result of the interaction of the immune system with tumor cells. Therefore, in some patients, the immune system seems to be activated against tumor cells. Immune responses against some cellular proteins such as Ras, p53 and heat shock proteins have been described in patients with cancer (20) . In the present study, high IgG antibody titers against a 66 kDa cellular protein were found in patients who strongly reacted with group A peptides (Table 1) , in particular, the SQRIPARIHHFPTSI peptide. In one patient, the 66 kDa antibodies are detectable even at serum dilution 1/5000. Notably, no physical link was found between the SQRIPARIHHFPTSI peptide and the 66 kDa protein. Thus, it appears that the patients who developed a strong immune response towards the antigen-containing peptides also developed immune response against the 66 kDa protein. This observation is not surprising, as immune responses against different antigens have been described in patients with cancer. Indeed, sera from melanoma patients reacted with both NY-ESO-1 and MAGE-1 antigens (21) . It is worth noting that under some unknown conditions, the immune response to self has the potential to spread in an intra-and intermolecular fashion (22) . This phenomenon, known as "epitope spreading," is expected to increase the power of the immune response toward target tissues such as tumors. Therefore, it is perhaps not surprising that the patients who strongly responded to most of the selected peptides in group A (Table 1 ) and the 66 kDa protein had the longest survival. In particular patient f1 who is still doing well.
The presence of IgG antibodies to the 66 kDa cellular protein suggests the occurrence of an autoimmune process in these patients. Notably the identified 66 kDa protein was found to be a cytosolic protein. Intracellular antigens are not normally accesible to antibodies. However, tumor necrosis could be responsible for the release of cytoplasmic proteins that may subsequently activate the host im-in three women with the stiff-man syndrome and breast cancer (36) .
Why do some patients develop such high titers of anti-66 kDa protein IgG antibodies while others do not? Two major sources may account for the initiation of the immune response in these patients. One form of induction of the immune response would be molecular mimicry. Indeed, a similarity between, for example, virus proteins and endogenous protein may lead to autoreactive immune response at the level of antibodies and T cells (37) (38) (39) (40) (41) . The second form is endogenous immunization. In this case, we can speculate that tolerance against the 66 kDa and the selected peptide-containing antigens is broken in some patients with breast cancer. Notably, it is becoming clear that many antigenic determinants on self-proteins have not induced self-tolerance (42) , and these peptide determinants can be target structures for autoimmune diseases and could provide potential targets for immune response against tumors. Thus, understanding the mechamisms that modulate the immune response against these peptide determinants (cryptic epitopes) in patients with cancer may reveal what needs to be overcome in the cancer patients to allow the killing of tumors. We believe that in the long-time survival patients, in particular patient f1, an anti-tumor autoimmunity is likely to be responsible for the improved outcome. We are in the process of validating our findings in a prospective study of breast cancer patients that analyses the level of IgG antibody against the selected peptides and the 66 kDa protein in serum samples taken at various time points (e.g., diagnosis) and relates the presence of these antibodies to the outcome of the disease.
In conclusion, our data identify specific IgG antibodies in breast cancer patients towards the selected peptides, in particular the SQRIPARIHHF-PTSI peptide. High titers of IgG antibodies against a 66 kDa protein was found in some patients who responded to the peptide and have long survival time. This observation should have therapeutic potential. The identity of the 66 kDa protein is under investigation in our laboratory. Finally, the demonstration that specific immune responses in patients with cancer can be traced by phage display should facilitate the study of tumor immunology.
